ABSTRACT Summary: ConFind (conserved region finder) identifies regions of conservation in multiple sequence alignments that can serve as diagnostic targets. Designed to work with a large number of closely related, highly variable sequences, ConFind provides robust handling of alignments containing partial sequences and ambiguous characters. Conserved regions are defined in terms of minimum region length, maximum informational entropy (variability) per position, number of exceptions allowed to the maximum entropy criterion and the minimum number of sequences that must contain a non-ambiguous character at a position to be considered for inclusion in a conserved region. Comparison of the calculated entropy for an alignment of 95 influenza A hemagglutinin sequences with random deletions results in a 98% reduction in the average error in ConFind relative to the 'Find Conserved Regions' option in BioEdit.
INTRODUCTION
With the recent and continued growth of publicly available sequence databases, diagnostic applications of sequence-based techniques such as PCR and DNA microarrays are currently of widespread interest. Applications include identification of risk factors for genetic diseases such as cancer, detection of drug resistance and identification and subtyping of viral pathogens (Clewley, 2004; Gibbs et al., 1998; Striebel et al., 2003; Zammatteo et al., 2002) . In contrast to traditional differential gene expression microarrays that require a specific capture sequence for each gene, diagnostic arrays mandate capture sequences that can detect a range of related sequences.
Designing diagnostics for highly mutable target sequences such as viral genomes requires particular care in selecting regions of sufficient conservation to allow detection of many strains, while ensuring differentiation between subtypes of interest (Clewley, 2004; Gibbs et al., 1998; Ivshina et al., 2004; Rodriguez et al., 1992; Ruest et al., 2003) . Current research in our laboratory is focused on development of an oligonucleotide microarray for the rapid identification and subtyping of influenza virus (M. Hilleman, 2002) . Initial probe design for the array was hampered by the lack of a robust, widely available tool for identifying sequence conservation. In particular, the 'Find Conserved Regions' option in BioEdit provides the functionality required, but has a number of drawbacks that make it difficult to use in alignments containing missing or ambiguous sequence data. ConFind emulates the basic functionality of the 'Find Conserved Regions' option in BioEdit, but is significantly more robust in its ability to handle alignments containing incomplete sequence data.
PROGRAM FEATURE SUMMARY
ConFind is modeled after the conserved region finder in the BioEdit package and includes a number of similar features and options.
ConFind detects conserved regions in multiple sequence alignments, though neither ConFind nor BioEdit will detect conserved regions that are not aligned.
User-definable parameters include the minimum acceptable conserved region length (L min ), the maximum entropy allowed for all positions (H max ) and the number of exceptions (N ex ) allowed to the maximum entropy.
The summary output file includes the input parameter values used to generate the result, the total number of conserved regions found and a position-by-position listing of the entropy values for each conserved region.
Additional FASTA files may be generated for each region found. These files contain the sequence information over the conserved region for each sequence in the alignment.
ConFind calculates sequence variability using the traditional Shannon informational entropy formula shown in Equation (1), where p represents the probability of a character in the alphabet i occurring in an aligned column. BioEdit uses a similar formula based on a natural logarithm. Scores found by BioEdit can be divided by ln(2) to allow direct comparison with scores found by ConFind.
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The BioEdit 'Find Conserved Regions' option has several limitations that prevent it from detecting conservation in regions where not all records contain a full-length sequence. ConFind contains two features to avoid this issue:
Gaps and ambiguous characters are ignored when calculating the entropy score for a column of an alignment.
The minimum number of non-ambiguous characters required for a position to be considered can be specified. Figure 1 shows a plot of the error when calculating the entropy for an alignment with missing sequence information. First, the true entropy was calculated for a complete dataset. Then, sequence information was deleted, the entropy recalculated and the true score subtracted from the apparent score. All BioEdit scores have been divided by ln(2) to normalize the entropy scales. The range of entropies for a four-character alphabet is [0, 2] . BioEdit may calculate entropies as high as 2.32, as the gap character is included in the alphabet. Figure 1A shows the error in the calculated entropy for 31 positions of 10 influenza A neuraminidase genes. The sequences are shown with deletions in gray. Note the large error at position 21. The deletion of the single occurrence of a character results in a significant error in the calculated entropy. Figure 1B shows the error in the calculated entropy for 101 positions of 95 influenza A hemagglutinin genes with random deletion of up to 25% of the characters in a column. For positions with deleted sequence data in Figure 1B , the average error using ConFind is -0.01 ± 0.03, while the average error using BioEdit is 0.4 ± 0.2. Because BioEdit is guaranteed to generate artificially high entropy scores when an alignment includes gaps or ambiguous characters, ConFind is better suited to finding regions of possible conservation in alignments with missing sequence information.
RESULTS AND DISCUSSION

ALGORITHM DETAILS
In order to identify regions of conservation in a multiple sequence alignment, ConFind attempts to calculate the entropy score for each column, assigning either a bit score or 'None' for columns with an insufficient number of non-ambiguous characters. A list of start sites is then generated. This list may include the first position, any position following a position with a score greater than the maximum allowed entropy (H max ), and any position following a position with a value of 'None'. Start sites must have an entropy score lower than H max . A greedy algorithm is applied to obtain the maximum number of possible positions following each start site, stopping when the next position is 'None' or when the next position causes the exception count to exceed the number of allowed exceptions (N ex ) to the maximum entropy. If the end of the alignment is reached, no further start positions are examined. Finally, the regions are examined to ensure they are longer than the minimum length (L min ). Robust tool for conserved sequence identification
